Several studies point out that metabolic products may provide an alternative method to identify the different steps of cells differentiation. In particular, the analysis of volatile organic compounds (VOCs) is gaining a growing interest in this context, thanks to its inherent noninvasiveness. Here, a protocol for VOCs analysis from human induced pluripotent stem cells (hiPSCs) is illustrated. It is based on SolidPhase Microextraction (SPME) technique coupled with gas chromatography-mass spectrometry (GC/MS). The method is applied to measure the volatile metabolite modifications in cells headspace during cell reprogramming from chorionic villus samples (CVS) to hiPSCs, and along hiPSCs in vitro differentiation into early neural progenitors (NPs), passing through embryoid bodies (EBs) formation. Keywords: Gas chromatography-mass spectrometry, GC/MS, Human induced pluripotent stem cell, hiPSC, Solid phase microextraction, SPME, Volatile organic compounds, VOCs, Metabolic profile
GC/MS analysis evidences a number of compounds whose relative abundance can signal the difference between the various phases of the differentiation. Most of these compounds are aldehydes, alcohols, and alkanes. It is worth to remark that these compounds are detected because of their affinity with the chosen SPME and the GC/MS column. As a consequence, at this stage, it cannot be excluded that additional and even more discriminating volatile compounds might be found using different experimental setups. However, the outlined protocol is thoroughly valid even when different materials for SPME and GC/MS columns are selected. In other words, the protocol to sample volatile compounds from cell cultures and to analyze them with GC/MS is valid in general. Albeit, changes in the materials of the SPME fiber and the column modify the sensitivity respect to volatile compounds, then the use of different materials may highlight the presence of some classes of compounds and hinder the detection of others. (Figure 1 ). This system is made of three parts: a) the lid; b) the SPME fiber support www.bio-protocol.org/e2642 www.bio-protocol.org/e2642 e. Cell culture dishes are incubated at 37 °C in an incubator with 5% CO2 for 24 h.
Materials and Reagents
www.bio-protocol.org/e2642 e. To change medium EBs are collected in a 15 ml conical tube, centrifuged at 17 x g for 5 min
and gently resuspended in fresh medium.
f. Three independent floating EBs samples (2 x 10 6 samples/dish) are placed in 2 ml hiPSC medium without basic fibroblast growth factor (bFGF) on 60 mm ultra-low attachment culture dishes.
g. Cell culture dishes are incubated at 37 °C in an incubator with 5% CO2 for 24 h.
www.bio-protocol.org/e2642 
Days 7 to 13
h. On day 7, EBs are collected using a 10 ml pipette into a 15 ml conical tube under the stereomicroscope, centrifuged at 17 x g for 5 min and gently resuspended in EB medium 1 (see Recipe 4).
i. Cell culture dishes are incubated at 37 °C in an incubator with 5% CO2 and EB medium 1 is daily changed for another week.
Days 14 to 20
j. On day 14, EB medium 1 is removed and replaced with EB medium 2 (see Recipe 5), following the same procedure reported above at step A3e.
k. Cell culture dishes are incubated at 37 °C in an incubator with 5% CO2 and EB medium 2 is daily changed for another 7 days. 4. SPME fiber holder is assembled ( Figure 5 ).
Day 21

Early Neural
To ensure the reproducibility of the volatile compounds sampling, it is recommended to set the depth of the SPME needle at the same value. In this experiment, the sampling system required to set it to the 4-depth gauge setting on the plunger.
Note: In order to prevent SPME fiber contamination, it is better to assemble this component immediately before its use. Twelve hours before any sampling procedure, SPME fibers have been conditioned following SUPELCO guidelines: DVB/CAR/PDMS fiber was baked at 270 °C for 1 h and then stored in its own box until use.
www.bio-protocol.org/e2642 Figure 5 . SPME fiber equipment. Components (a), (b) and (c) constitute the SPME Fiber
Holder for use with manual sampling; the element (d) is the needle system that contains and protects DVB/CAR/PDMS fiber.
5. The needle protecting SPME fiber is inserted in the appropriate lid support and then the fiber is exposed to the cell culture headspace.
6. Volatile metabolites are preconcentrated using Solid-Phase Microextraction (SPME) technique 7. After VOC adsorption, fiber is pulled inside the needle and removed from the holder to be placed in its box; fiber is stored at 4 °C until GC/MS analysis, performed within three hours.
8. GC/MS analysis is carried out using a GCMS-QP2010 (Shimadzu) equipped with an Equity-5 (or equivalent) capillary column and a proper liner for SPME (for details see Equipment section).
The volatile compounds adsorbed onto DVB/CAR/PDMS fiber are desorbed in splitless mode at 250 °C for 3 min in the GC injection port. High-purity helium is used as a carrier gas at 0. Steps from B2 to B8 are summarized in Figure 6 . 
Data analysis
1. Each kind of cell line and culture medium is replicated three times in independent samples.
2. Measured chromatograms are integated and the absolute area of each peak is considered to estimate VOC abundance.
3. Chromatographic peak alignment is performed manually, considering retention time and mass spectra of peaks in the several chromatograms. Table 2 ). The same test is applied to culture media related data, in order to eliminate VOCs characterizing different media rather than cell metabolism. 8. All data analysis is performed using MATLAB.
www.bio-protocol.org/e2642 2. hiPS cell medium must be renewed every day for optimal growth, however, occasional double feeding (adding twice the required volume of medium during one feed) is possible without affecting culture quality. For instance, it is possible to perform a double feed on a Friday, with the next medium change on Sunday. hiPS cell medium must be pre-warmed at room temperature and protected from light, suggesting to thaw and add growth factor to the medium just prior to use.
3. Avoid over-pipetting to break up the colonies too much, checking the size under the stereomicroscope. Finally, the medium is sterilized using a 0.22 μm bottle-top vacuum filter and supplemented with
